A petition for more careful considerations towards the usage of a quantification approach for ASL which has been recommended by the ISMRM perfusion study group and the European consortium for ASL in dementia.
In their White paper 1 , the ISMRM Perfusion Study Group and the European Consortium for Arterial spin labelling (ASL) in Dementia favour a quantication approach for clinical applications in which a perfusion-weighted image can be converted into a quantitative cerebral blood ow map via the following equations
for continuous ASL (CASL) and
for pulsed ASL (PASL), respectively (for parameter denition see Alsop et al. 1 ). Three major assumptions are made for their derivations: a.) The entire labelled bolus is delivered to the target tissue. b.) There is no outflow of labelled blood water. c.) The relaxation of the labelled spins are governed by blood T 1 . Those equations have been consented to without a critical discussion despite the fact that they include many conceptual discrepancies. With the following 4 remarks, I would like to petition for more thoughtfulness towards their usage.
First remark:
Let me start with a simplification where I neglect T 1 relaxation. For T 1 → ∞ , I find the simple relation
for pulsed ASL (PASL), respectively. This shows that for the limit T 1 → ∞ , both equations have the same form, which I simplify as
where ∆V is the tissue volume, dV /dt the volume flow, and ∆SI/∆t the signal change per time interval ∆t. That means (assuming SI PD ∝ ∆V ) that the partial derivative in time of the signal intensity SI is proportional to the total derivative in time of the volume, the volume flow. A simple example can illustrate that this is not always the case. Consider a bolus that divides into two flows, dV 1,2 /dt = A · v 1,2 after leaving the labelling plane, where A is the same surface area and v 1,2 the velocities (Fig. 1a) . During the time interval ∆t, a first part of the bolus with v 1 may have completely entered the volume of interest but may have only filled up the first half of it. Now, the second part of the bolus has the same duration but may have twice the speed of the first one, v 2 = 2 · v 1 . It is able to fill the second half of the volume leaving the first part empty. Obviously, ∆SI/∆t is the same for both flows while dV 1 /dt = dV 2 /dt, which then violates equation (5).
Second remark:
The brain/blood-partition coefficient is generally defined by the relation between tissue concentration C i and venous outflow concentration C v as C i = λ · C v . With no outflow, that means C v = 0, must be infinite. On second thoughts, it also conflicts with Ficks law introduced by Kety 3 . This principle should be valid because CBF in the form as it is used here, is defined via Ketys equation. For no outflow, Ketys equation becomes free of λ
where C a is the arterial concentration.
Third remark:
The equations are based on a simplified model which was introduced by Buxton et al 2 . It is a linear model which must return linear solutions. Therefore it should be possible to divide one long bolus TI 1 into two boluses of duration TI 1a,b with TI 1 = TI 1a + TI 1b (Fig.  1B) . Using
for the PASL equation, I arrive at the following false statement
Fourth remark:
In this final remark, I would like to summarize the problem by rewriting those equations as for CASL and
for PASL respectively, with
and
In this form, they reveal the direct relation of the blood ow CBF to the ASL signal change ∆SI as CBF ∝ ∆SI even for finite T 1 . This is easily overlooked due to the complexity of equations (1) and (2) but both K 1 and K 2 are independent of blood ow changes because the sequence parameters PLD, TI, TI 1 and τ are xed, λ and T 1,blood are assigned and SI P D is blood ow insensitive. That means that K 1 and K 2 are constants of the specic ASL sequence. Consequently, CBF maps are only perfusion-weighting maps. This can cause false interpretation. For example a delayed arrival time can result in the same CBF value as reduced blood flow. In conclusion, both equations contain questionable outcomes which can produce confusion in a clinical set up. Even in a simplified model, the ASL signal should depend on at least three physiological parameters (flow, volume, arrival time) which cannot be quantified in one measurement, simultaneously. In the interests of best practise, I would suggest that the recommendation should be revisited. 
